After a short irradiation of UO2 fuels with and without SiO2+ AI2O3 additive in NSRR, a comparative study of the fission products (FP) dissolved in nitric acid and undissolved materials was performed.
After a short irradiation of UO2 fuels with and without SiO2+ AI2O3 additive in NSRR, a comparative study of the fission products (FP) dissolved in nitric acid and undissolved materials was performed.
Results of the study were : (1) The additive fuel behaved similarly to nonadditive fuel. (2) In both types of fuels, the undissolved materials in dried out solution were not FP but metals existing from the fuel fabrication stage.
(3) The NSRR short irradiation had great influence on the shape of the undissolved components without changing the as-fabricated compositions.
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In the past NSRR experiments, energy deposited in UO2 fuel was evaluated by radiochemical burn-up analysis. The g-ray energy released from radioactive materials was measured after dissolving the irradiated fuel in nitric acid (HNO3). In the analysis, the error band was not large, within +-5% (1) .
This error band, however, tended to diverge for Gd2O3-UO2 or PuO2-UO2 as compared with UO2 fuel, because the g-ray energy of these dissolved fuels is masked by the energy absorption and scattering caused by additionally produced FP or undissolved materials.
Until recently, the similar situation is appeared in pellet cladding interaction (PCI) resistant fuel developed by addition of SiO2 and AI2O3 into UO2 matrix.
Regarding burnup analysis, the additive elements are considered to have same propensity to enhance the disturbance of g-ray energy. If so, asestablished procedure for past burn-up analyses will be no more useful. Therefore, it was necessary to clarify the influence of FP or undissolved materials produced additionally by the additive fuels. For this reason, a comparative study between 8x8 BWR type UO2 fuel with and without SiO2+Al2O8 addition was carried out aiming at studying the existing FP in dissolved fuel and the undissolved materials in dried out specimens through SEM (Scanning Electro Microscope)/XMA (X-ray Micro Analyzer) analyses.
The results of the present study will be available as a data base for the burn-up study of the commercial power reactor fuels with high burn-up (30~40 MWd/kg U) region.
II. EXPERIMENTAL METHOD
Two BWR type fuel rods consisting of 10% by weight enriched UO2 with an active column length of 135 mm were prepared. The specific difference between them was the composition of Al and Si additives.
The representative physical parameters are shown in Table 1 . The fuel rods were loaded into the experiment capsule for single pulse irradiation.
The final deposited energies through out the experiments were almost identical, i.e. 0.95 kJ/g U for S1 fuel and 0.92 kJ/g U for R1 fuel, respectively. The configuration of the irradiation capsule * Tokai-mura , Ibaraki-ken 319-11. and the fuel rod are described elsewherec(2)(3).
After pulse irradiation, the fuel rod was cooled for a month and removed from the capsule. A fuel pellet with cladding, approximately 1 cm in length, was cut from each rod.
The portion removed was in the middle of the enriched column length, where the axial peaking factor was equal to unity.
The fuel sample were then individually dissolved into nitric acid at a temperature of 50dc.
The solution was subsequently cooled to room temperature and diluted with distilled water to the concentration of 0.13 mol/l for Si and 0.14 mol/l for R1. The solutions are hereinafter called specimens S1D and R1D, respectively.
To identity the existing FP in the specimens, the g-ray spectrum was measured using a pure Ge detector. Measuring time was 80,000 s. To calibrate the Ge detector, 152Eu
was used as a standard g-ray source. The detected FP in the non-additive specimen S1D were compared with those predicted by computer code ORIGEN2(6). The code input was similar to experimental conditions. The result of the code prediction is also shown in Table 2 . The FP predicted by code coincided well with those of the experiment.
Undissolved Materials in Dried Out

Specimen of Irradiated Fuel
The dried specimens S1DD and R1DD were first examined by SEM. The results are shown in Photo.
1. The particle shapes in these specimens are mostly rhombic. The R1DD, however, has an additional spherical one.
Photo. 1 SEM images for undissolved materials from (A) S1DD and (B) R1DD in dried fuel where two arrows for rhombic particles and one for a spherical particle are the objectives of XMA analyses
The XMA analysis was conducted to the particles identified by arrows in Photo. 1. Results for specimen S1DD having the rhombic particle are shown in Fig. 1 and Table 3 . Eight metal components, i.e. U, Al, O, Zn, Fe, Pb, Na and Sn were detected. In Fig. 1 , the largest peaks for Zn and Cu were from the specimen holder. Remainded peak locations with respect to Zn, however, were available to this study. The detected components were metal which might be derived either from fuel or cladding.
Oxygen might be from the atmosphere. Results on specimen R1DD having the rhombic particle are given in Table 3 . It is apparent from the table that the identified material components are similar to S1DD.
Results on ,specimen, R1DD with the spherical particle are givdn by Table 3 . Only metal components of Pb and Zn are found. It is significant to note that they both possess a relatively low melting point, i.e. 327dc for Pb and 420dc for Zn, respectively. Regarding the rhombic particles, on the other hand, they additionally contained high melting point metals such as Fe (m.p.=1,539dc) together with low melting point one. Hence, it could be postulated that different melting point metal compositions affected the formation of different particle shapes when the fuel became significantly hot during irradiation.
As a complementary study, XMA analysis of aforementioned two irradiated specimens prior to being dissolved was conducted.
The results are shown in Table 3 . It is important to note that Al and Si, in the additive fuel existed and ,that U, 0, S, Ca and Sn were also present. The principal innovation that have been mentioned in this data are (1) the in-situ tritium breeding and the development of tritium permeation-resistant rubber, (2) the improvement of PCA, ferritic alloys and low-activation materials and (3) the wall-surface cleaning, the development of first wall coating materials and the detailed analysis of PWI elementary process.
(Letter to the Editor) Comment: "Pipe Rupture Accident on Surry Nuclear Power Plant": By Tadato FUJIMURA, (Received Jan. 21, '88), pp. 426. Sensitivity analyses for mass transport model in porous media were performed by using adjoint method.
The mass transport model employed is to evaluate the performance of engineered barrier of shallow land disposal, assuming that water flows through a cylinder packed with sand. In this model instantaneous sorption equilibrium between liquid and solid phases is assumed and two types of boundary conditions which represent the nuclide release from waste package, i.e. solubility-limited case and constant leaching case, are considered. From the sensitivity analysis, it was shown that the effect of longitudinal dispersion to performance measure is very small and calculated normalized sensitivity is in the order 10-4~10 
